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(54) COMPOUND SEMICONDUCTOR DEVICE AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To put nitrogen into a 
compound semiconductor in a compound semiconductor 
device such as a high electron mobility transistor, 
semiconductor laser, etc. 

SOLUTION: This compound semiconductor device is 
composed of a gallium arsenic substrate having a main 
surface separated from (100) surface, the first 
compound semiconductor layer formed on the main 
surface, the second compound semiconductor layer 
comprising In, Ga1-x NyAs (0<x<0.7, 0<y<0.1) formed on 
the first semiconductor layer and the third 
semiconductor layer formed on the second 
semiconductor layer. 
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(a) C0?fi& M»<0»£-o P L 5fiS «t 9 i>m<* oT InGa 
•fXHz, PL3S^s S</<c ^ TJ . t , InCaNAs OJtttt 

f00 3 5] **tt»tt-?|±. i&LfcJ;^ ft** 
**fr*aMJc^£naGaAsS«l<D±ffifi*:7Lfc«5i 2 o 

fllH«)ttomtlllPt5fcl6T*5, IP*,, 
CaAsSfel 1©±I (MR^fiKii) *AiB*rtiK:*7L 

*y**m*_X, ±a5co±^(^^$tl5InGaNAs 
«fIUOPL»*»«0Hfct: 4< 0 8 CO J; p 

T-&5liinnGaNAs JfrtcogjjfcojlAft;^ < ft a C t 
*^LT^5 0 ft:fc, 08»C*JI,>T, (110) 14, A 

[0 0 3 6] H8|CJ:Jx«, AI*fltS^ t7l , 

Atf*#<*a«**#|Cfc 6 . Lfc*JoT, InCaNAs 
«-C»«»o«A«rffiJl LfcmM.|ctt±B*Aiif*rt 
K*7Lfc«Rtr«rflft*-*, 3f!fco8iA*«.;i*>K 

SCirlCfta,, ftfc, GaAsS^CDBS^rfa^co^jgcr, 
-t^KInCaNAs ^COInGaNAs IC(4^i?fcO 

-£#-C£a„ 

[0 0 3 7] /ifc, ASI4. GaAs»E0 5*,Ga*s«HS 
K-Cfc 9 , B cgl4CaAs««0 b H>ks&**i& ® Tfc a, 

±taLfcHEMTT-(4, InGaNAs S^ff/I 
1 4 iGaAs^y 7r» 1 2 0ffi£*Xttftg$ji : (✓< u 
T) Si 3 4r^as* 5 - i , CJ:oTGaAsy<s , :7rJBl . 

2-MKa*tt»S:|ftjtLT^5^, InCaNAs m^fr 
Si 4»TgRT-<7>Infflfig»*X»4NMfi)c^*g^^ 
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[0 0 3 8] tt?fefffl , 4 tWfi ^ 5|l)x Ca 

N r AsOMfiJcItxIlB^^-c^ftL X|± MfiJ . 
It x liCaAsJfi« J i M««6«?WfftJ| 1 5 ^«^|fi| T . 0 

Xli. ffi/Slt y f4CaAsS<fi 1 lW^®?^! l 5^ 
[0 0 3 9] »2gll 

c»JB2«-cit, CaAsJ; !)i5t7l«j : ffli,, Tfwl 
(ClnCaNAs * 9*SStt«*»l*L-C«fifci**ia¥i*l* 

«>«iSl««rttW-*-S. *r, pffl*tt***frCaAs* 
*2 l*Hllc*L-fclte*ffljpirtK«< * 

1 ^(OfiKfiffiyj^ 5 0TorrfC{£fiM-.5 i it 
k -^Hco*J®|cJ;t) S « aiS ^ 5 2 0 < c _ 600 

[0 0 4 0] -er<OCaAsS«2 1 (4. Mit » ( 1 0 0) 86 
*>e>0. 2-2 5° C7>«6ia, «*«ie* t7UB?: 

(a) (C^ J; 5 ftfls^jp*^ ^g-^ B 9 (a) 
t*^T, P^GaAsS« 2 1 C0±|c{4, m. 5 „ m 
Op«W.J:!l4*^7rl2 2. BlffS 0 OnmCOp 
fflAICaAsJ:9 45»io^ 9s , K «2 3, BUS 1 0 0 nn 
OT> f-'-^GaAsJ: "9 <CSf 1 cotf^ K«2 4» 11*2 
OnmCOInx Ga(i-x) » , As (OSxSO. 7 0<yS 
0. 1) ) i9ftSHtM|2'5, HIICi 0 0n.OT>K 
-^CaAsJ:0 45ft2O^ KH 2 6 . 8tj?E 5 0 0 nmCD 
nfflAlGaAlsJ: 0*5*20^9 yKJi2 7, n'^GaAs 

125 O**^-^^ h^t^tt, ^ Kg 2 4 

— y^i K) 

[004 1] «±coj; 

fc^fc, CaAsS«2 l *:«a«S!^i*>e,©t>a-t- -t 
®«eC 0 9(b) 5 te , ^.^^^ h®2 8C 0± 

i-^^f -7ftm<Dmn 2 9 a zmi&i-z,. 

[0 0 4 2] »Cfc, 102 9aWrt8i» 28wl 
KAuGeNi/Au J: l^n ffl^ffi 3 0 ^fl^fig U $ ?>|C 
CaAsS« 2 1 coTBSKAuCe/Au J: 13 ft a p mW& 3 1 * 

fife^Ti-a. 09(b) tc^i-^^u—^ pWm 

* 3 1 t n «Sg 3 0 C«atr«-i-> i: fc TSttS 
2 SOiBiB^&JIfi^ttUJSJxa. -^(753fecoiRS(4. 0. 
9 m m~ 1 . 6 v mCDffiffl-c-fea, 
[0 0 4 3] 09(a) t*LfcJ:5fc. Stt 

S2 5Sr«fi£-rainx Gao-,) N yAsW^^WSli 
B8 (C*»*TfEIC9 Lfc A 5 K. GaAsS^cD^So^^ 



(7) 



ttlW 2000-9 155 9 
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CO & m (O m A fc flg iH L fc ^ « # I <l I :t £ l7n & A iTii * |fi| I C * 
"7 Lfctf-KfirttMl-ir^-*, Sf*ctt86A£fflix.«>*c Ltz 
t^»^IC(±±ififfr Bi7i]^JI»)(cM*-7 Lfcifi&*«rtt"W-rS ^ 

[0 0 4 4 ] Affii^l"lU 1 6 ;^^-7 LfcGaAs&tK 2 1 & 

&£<b(C4 0 < CT<f5wt(Cj:orCaAsS«W (1 0 
0) gjcD±(cJF2f&<*n/cInCaNAs Wt^ii: [s] Ucfc 
6* Lfl>U InGaNAs Wfifcfiflffi £~Flf £ irTk^tOtfiA 

GaAs£l£<7>±® («fl8JgfiJtffi) & (10 0) E 

tlili 3 kA/crn 3 Xfo-o fc 0 

[0 0 4 5] lilC^tLT, 9 IC, GaAs 

StS2iwii$: (10 0) i^?)Ai*|fii{:i6tt 
7U:SH, tO±l:H9(a) ICtj* Lfc{b£^¥W* 

telkA/cm 3 £#ofc 0 Ifc^oT, S*&**Mfrfr«* 

[0 0 4 6] ##Jfl ^"7^S:AcB*r6]tcRB^-r 

3t>C0-ef3:&< , Affi*|pK BE^rftXte (110) * 

[0 0 4 7] 

lmW<D®%:] JSJLh^fcJ; 5lc#»Wlcj:ix«, (i 
0 0) 6B^b^-7Lfc^aa*W"f*SGaAs*«*fl6fflU 

^O^SJcD-L^lClInGaNAs <fc «9 ft5<b*&fe*i*fWl 
Sr^Lfc^-C, *:7ftl£ J; oT InGaNAs l^^tiSS 

McO^^S^r^^InGaNAs ^^i"^ r t 5 C 

[0 0 4 8] L^t, InGaNAs SrjftH-TSISKi&a^fi 
TS*a&K#fc<*»K InGaNAsjiT^cOTK^co^Afi 

^iT^^HEMTC^o^T, InGaNAs m^ttJf&S 
t * <D T ^GaAsJl X f ±A 1 GaAsH <b CO ffl I nGaAs^ n TJH 
£^££ii:fc<£>T\ InGaAs^y TJIfl InGaNAs CD/fc^ 
Mfll-^T, S*^GaAsJl^«AlGaAsJi(c:SA-r5^ 

[0 0 4 9] * b^m<D^m^Xtl\t, InGaNAs M^C 



ftiattfriilffcfc InGaNAs Ig "CW*3{|Wi A 

£»1>U, ttt^sfefrJBwilcinCaAsJBSraKJg/iKL 
Ac ?& lc, w f& lc if$n5c £ *i 6 f b£ ft * W*« coifc ft 

J: 9«/j>tf>«c>ftfc 0 

[13 1] El Hi, *HW^3ltt^ffiwfb^ft^W(*:KE 

io [13 2] 13 2 (a), (b) (±, «P^OlWCi6HE 
MT<0«iifiXSSr^i-Wrffilg|-c*>6 0 
[13 3] (3 3 1*, *«^C03IJ6^ffi(C«-5HEMTO« 

n&xfo&o 

[134] 13411 tt*^HEMTO— ««r^i-»fB5BlT* 

*rs{b^ft^**(OfiRfija«oa5{bSr^"r^-r s >^ 

[13 7] 0 7 11 ^BJoHWiOH EMT ^Mt 

[13 8] 13 8 11, *»^0||«|^l||(c«5fb-&ft*«fls: 
^B^ff^ S ix6GaAsS«<0^-7ftSotB5*fC «t 5 InGa 
30 NAs ^COP LRftO*^£^-f0-Cfc9 , ^$6^^$6fi 

[13 9] 13 9 (a), (b) H *I8WC0*16^1BIC«S¥» 
flc u^-if OffifigXfi S: ^"T ^r® 13 Xh 5 . 
[^-^cofftP^] 

1 l'-'GaAsStSs 1 2 •GaAs^^'y ^r®, 1 3— InGaAs 
£^t£ffc|*J]:Jf N 1 4 -InGaNAs m^-^tTS, 1 5- -A1 
GaAsW-T-WfJ&Jl, 1 6- -GaAs^r-V y7M, 18-ft| 
JK, 19-^-ht«, 2 0s-y-7ti, 20d- 

KW-Om®> 2 1-GaAsS«, 2 2 •-•GaAs'* y 7 t 
40 m, 2 3 - p-AlGaAs^^ KB, 2 4, 2 

Is 2 5 --InGaNAs f£t£Jf , 2 7 ---n-AlGaAs^ 7 y K 
L 2 S-GaAs^V^^ hi, 2 3 0 -n 

Wflttt. 3 1 ••■piRijmHo 
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!! : GgAs S« i6:GaAs 

12 : Go As '<■> •> rm 

13 : InGoAa MKatoit* 

14 : InGaNAs 

15 ; n-AiGoAs 



20s 19 ^ - ^ 



20d ruo 



i6d 




[194] 
* *a« ©«* gib e 
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«ft Kffc ft ^ f > - * > * 



(a) 



GOOnm 
Go A s 
buffer 



560 *C 



(b>560 # C 



560<C 



3 nm 
InGaAs 



|InGaAp 

InGaNAs \ GoAjSJ -A/GoA 

J 



20 nm , 3nm J 30nm 



70nm 
SI-GoAs 



600"C, 

U 



600'C • 



WM 2 0 0 O - 9 l 5 5 9 



mm 



y O 7 T 1 A. 




[HI 5] 

ll«OHEMT«itiltyo 7 T < K 




[IE] 8 3 

QaAt*iCOf f ^tOffilCU InGaNAs « 

© p u at ii «Kfk 
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- 10 



20 
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10' 



10' 



C(B.G. =I.8E18) 
H (B.6. =Me 19] 
0(B.G •3.5E»8) 
N IB. 6 »3,0el9) 



InOflNAAs»560X ** 



-O-PL-A Intensify | 
,0* 



-W4 

PL Intensity 



0 



(o) 
560X-* 



(b) 

GoAs 30A »M 
36O-600"C 



I0 3 



lO 5 



10* 



10 
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InGoNAs 
*'J 560*- 600*C 
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IOOO 
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q! 950 
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Off angle 



(10) 



&m 2 0 O 0 - 9 1 5 5 9 



[1519] 



(o) 




21 : Go As mm 

22: p-GoAs '<v7?t 
23 : p -AiGaAs ? ? 7 k | 
24,26: GaAs »-r kj» 



25 [rKSaNAs 
27:AiGoAs 9?-jvm 
23:n* -GaAs 9 Yk 



29 «M 



(b) 




F*-A(##) 5FQ45 AA04 AB10 AB17 AB18 AC01 
AC08 AC09 AC 19 AD09 AD10 
AE23 AF04 AF13 BB12 BB16 
CA07 CA12 DA53 DA58 DA63 
DP07 EK27 
5F073 CA07 CB02 DA05 
5F102 GB01 GC01 GD01 GJ05 GK05 
GK06 GL04 GM06 GN05 GQ01 
GR01 GR04 GS04 GT03 GT05 
GV05 GV07 GV08 HCOI HC11 
HC19 



